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1
LDMOS DEVICE WITH STEP-LIKE DRIFT
REGION AND FABRICATION METHOD
THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the priority of Chinese patent
application number 201210297088.9, filed on Aug. 20,
2012, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates in general to laterally dif-
fused metal oxide semiconductor (LDMOS) devices, and
more particularly, to an LDMOS device with a step-like drift
region and a fabrication method thereof.

BACKGROUND

Laterally diffused metal oxide semiconductor (LDMOS)
transistors are often used as power switch devices.

FIG. 1a is a schematic illustration of an existing n-type
LDMOS device. The device includes a p-type doped region
11 and an n-type drift region 12, laterally neighboring each
other and both formed in a p-type substrate (or epitaxial
layer) 10. The n-type drift region 12 has a planar top surface.
A heavily doped n-type source region 19 is formed in a
central portion of the p-type doped region 11. A gate oxide
layer 13 has its one end on the n-type drift region 12, the
other end on the heavily doped n-type source region 19, and
the rest portion on the p-type doped region 11. A gate 14 is
located on the gate oxide layer 13. Sidewalls 15 are formed
on both sides of the gate oxide layer 13 and the gate 14. A
heavily doped n-type drain region 20 is formed at one end
of the n-type drift region 12 farther from the p-type doped
region 11. A p-type heavily doped pick-up region 21 is
formed at one end of the p-type doped region 11 farther from
the n-type drift region 12. A channel of the LDMOS device
is formed in a portion of the p-type doped region 11 under
the gate oxide layer 13. A p-type LDMOS device has a
similar architecture to the n-type LDMOS device discussed
above expect that all components of the p-type LDMOS
device have conductivity types opposite to their counterparts
in the n-type LDMOS device.

The n-type LDMOS device in FIG. 1a may be modified
into a p-type LDMOS device by including an n-type well in
the p-type substrate (epitaxial layer) 10, encircling both an
n-type doped region 11' and a p-type drift region 12', and
converting the conductivity types of all the rest components
of'the n-type LDMOS device to respective opposite types of
conductivity.

The above-mentioned device is a non-channel-isolated
LDMOS device, which may be modified into a channel-
isolated n-type LDMOS device by including an n-type well
in the p-type substrate (epitaxial layer) 10, encircling both
the p-type doped region 11 and the n-type drift region 12,
and remaining the same structure and conductivity type of
all the rest components of the n-type LDMOS device shown
in FIG. 1a.

In order to reduce power consumption, an LDMOS device
is typically required to have an on-resistance as low as
possible. Thus, during the design of the device, it is con-
templated to reduce the physical length of the drift region
(i.e., the length A shown in FIG. 1a) to a possible minimum
and/or to increase the doping concentration of the drift
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region, so as to reduce the series resistance of the drift
region. However, on the other hand, as all LDMOS devices
are high-voltage devices and the value of the breakdown
voltage is an important characteristic parameter, the
LDMOS devices are also required to have a high breakdown
voltage by owning a relatively great drift region length and
a low drift region doping concentration. Thus, it is obvious
that the on-resistance and the breakdown voltage have to be
compromised. It is difficult for an existing LDMOS device
to have both a low on-resistance and a high breakdown
voltage.

SUMMARY OF THE INVENTION

The present invention is directed to the provision of an
LDMOS device with a completely novel structure, which is
capable of providing both a low on-resistance and a high
breakdown voltage.

The present invention provides an LDMOS device includ-
ing: a substrate having a first type of conductivity; a drift
region having a second type of conductivity and being
formed in the substrate; a doped region having the first type
of conductivity and being formed in the substrate, the doped
region being laterally adjacent to the drift region; and a drain
region having the second type of conductivity and being
formed in the drift region, the drain region being located at
an end of the drift region farther from the doped region; and
a buried layer having the first type of conductivity and being
formed in the drift region, the buried layer being in close
proximity to the drain region and having a step-like bottom
surface, and wherein a depth of the buried layer decreases
progressively in a direction from the drain region to the
doped region.

Optionally, the first and second types of conductivity are
p-type and n-type, respectively, or n-type and p-type, respec-
tively.

Optionally, a doping concentration of the drift region is
inversely proportional to a length of the buried layer and is
proportional to a depth of the buried layer.

Optionally, a maximum depth of the buried layer is
determined by a doping concentration of the drift region.

Optionally, the buried layer comprises at least two ion
implantation regions and wherein a depth of the at least two
ion implantation regions decreases progressively in a direc-
tion from the drain region to the doped region.

Optionally, the LDMOS device further includes: a gate
oxide layer and a polysilicon gate both on a top surface of
the substrate, the gate oxide layer covering a portion of the
drift region and a portion of the doped region; sidewalls on
both sides of the gate oxide layer and the polysilicon gate;
and a heavily doped source region having the second type of
conductivity and a heavily doped channel pick-up region
having the first type of conductivity both formed in the
doped region, the heavily doped channel pick-up region
being located at an end of the source region farther from the
drift region.

The present invention also provides a method of fabri-
cating an LDMOS device, including the steps of: providing
a substrate having a first type of conductivity; forming a drift
region having a second type of conductivity in the substrate;
forming a doped region having the first type of conductivity
in the substrate, the doped region being laterally adjacent to
the drift region; forming a drain region having the second
type of conductivity in the drift region, the drain region
being located at an end of the drift region farther from the
doped region; and forming a buried layer having the first
type of conductivity in the drift region, the buried layer
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being in close proximity to the drain region and having a
step-like bottom surface, and wherein a depth of the buried
layer decreases progressively in a direction from the drain
region to the doped region, wherein the first and second
types of conductivity are p-type and n-type, respectively, or
n-type and p-type, respectively.

Optionally, the method may include the steps of: 1)
forming, in a substrate having the first type of conductivity,
a doped region having the first type of conductivity and a
drift region having the second type of conductivity which
are laterally adjacent to each other; 2) successively forming
a gate oxide layer and a polysilicon gate on a top surface of
the substrate, the gate oxide layer covering a portion of the
drift region and a portion of the doped region; 3) forming
sidewalls on both sides of the gate oxide layer and the
polysilicon gate; 4) performing at least two ion implantation
processes at an end of the drift region farther from the doped
region to form a buried layer having the first type of
conductivity with a depth decreasing progressively in a
direction from the drain region to the doped region; 5)
forming a heavily doped source region having the second
type of conductivity in a central portion of the doped region
and forming a heavily doped drain region having the second
type of conductivity at an end of the drift region farther from
the doped region; and 6) forming a heavily doped channel
pick-up region having the first type of conductivity at an end
of the doped region farther from the drift region.

Optionally, in the step 4), each of the at least two ion
implantation processes forms an ion implantation region in
the drift region, wherein the ion implantation region formed
by a latter ion implantation process is located in the ion
implantation region formed by a former ion implantation
process, and wherein the ion implantation region formed by
a latter ion implantation process has a length smaller than
and a depth greater than a length and a depth of the ion
implantation region formed by a former ion implantation
process.

Optionally, in the step 4), each of the at least two ion
implantation processes forms an ion implantation region in
the drift region, wherein the ion implantation region formed
by a latter ion implantation process is closer to the doped
region and in close proximity to the ion implantation region
formed by a former ion implantation process, and wherein
the ion implantation region formed by a latter ion implan-
tation process has a depth smaller than a depth of the ion
implantation region formed by a former ion implantation
process.

Optionally, in the step 1), multiple ion implantation and
annealing processes may be carried out to create a dopant
concentration gradient in the drift region decreasing from
the top down.

Optionally, the method may further include forming a
well having a second type of conductivity in the substrate
before the step 1), and in the step 1), the doped region having
the first type of conductivity and the drift region having the
second type of conductivity are both formed in the well.

Optionally, the drift region may have a dopant concen-
tration ranged from 1x10'° atoms/cm® to 1x10"® atoms/cm?,
and both the heavily doped source region and the heavily
doped drain region have a dopant concentration of greater
than 1x10%° atoms/cm?.

The present invention also provides another method of
fabricating an LDMOS device, including the steps of: pro-
viding a substrate having a first type of conductivity; form-
ing a well having a second type of conductivity in the
substrate; forming a drift region having the first type of
conductivity in the substrate; forming a doped region having
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the second type of conductivity in the substrate, the doped
region being laterally adjacent to the drift region; forming a
drain region having the first type of conductivity in the drift
region, the drain region being located at an end of the drift
region farther from the doped region; and forming a buried
layer having the second type of conductivity in the drift
region, the buried layer being in close proximity to the drain
region and having a step-like bottom surface, and wherein a
depth of the buried layer decreases progressively in a
direction from the drain region to the doped region, wherein
the first and second types of conductivity are p-type and
n-type, respectively, or n-type and p-type, respectively.

Optionally, the method may include the steps of: 1)
forming, in a substrate having the first type of conductivity,
a well having the second type of conductivity by performing
an ion implantation process; 2) forming, in the well having
the second type of conductivity, a doped region having the
second type of conductivity and a drift region having the first
type of conductivity which are laterally adjacent to each
other; 3) successively forming a gate oxide layer and a
polysilicon gate on a top surface of the substrate, the gate
oxide layer covering a portion of the drift region and a
portion of the doped region; 4) forming sidewalls on both
sides of the gate oxide layer and the polysilicon gate; 5)
performing at least two ion implantation processes at an end
of the drift region farther from the doped region to form a
buried layer having the second type of conductivity with a
depth decreasing progressively in a direction from the drain
region to the doped region; 6) forming a heavily doped
source region having the first type of conductivity in a
central portion of the doped region and forming a heavily
doped drain region having the first type of conductivity at an
end of the drift region farther from the doped region; and 7)
forming a heavily doped channel pick-up region having the
second type of conductivity at an end of the doped region
farther from the drift region.

Optionally, in the step 5), each of the at least two ion
implantation processes forms an ion implantation region in
the drift region, wherein the ion implantation region formed
by a latter ion implantation process is located in the ion
implantation region formed by a former ion implantation
process, and wherein the ion implantation region formed by
a latter ion implantation process has a length smaller than
and a depth greater than a length and a depth of the ion
implantation region formed by a former ion implantation
process.

Optionally, in the step 5), each of the at least two ion
implantation processes forms an ion implantation region in
the drift region, wherein the ion implantation region formed
by a latter ion implantation process is closer to the doped
region and in close proximity to the ion implantation region
formed by a former ion implantation process, and wherein
the ion implantation region formed by a latter ion implan-
tation process has a depth smaller than a depth of the ion
implantation region formed by a former ion implantation
process.

Optionally, in the step 2), multiple ion implantation and
annealing processes may be carried out to create a dopant
concentration gradient in the drift region decreasing from
the top down.

Optionally, the drift region may have a dopant concen-
tration ranged from 1x10'° atoms/cm® to 1x10"® atoms/cm?,
and both the heavily doped source region and the heavily
doped drain region have a dopant concentration of greater
than 1x10° atoms/cm”.

As the drift region of the LDMOS device of the present
invention has a thickness progressively decreasing from the
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channel (which is under the gate oxide layer) towards the
drain region due to the formation of a buried layer having a
step-like bottom surface beneath the surface of the drift
region, the drift region is easier to be completely depleted
and hence can withstand a higher breakdown voltage. Mean-
while, the progressively decreasing thickness also allows an
increase of the doping concentration of the drift region,
thereby greatly reducing its on-resistance. Thus, the
LDMOS device of the present invention can have both a low
on-resistance and a high breakdown voltage, and therefore
has an improved performance compared with the existing
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a shows a schematic illustration of a vertical cross
section of an existing n-type non-channel-isolated LDMOS
device.

FIG. 156 shows a diagram schematically illustrating the
charge distribution in a depletion region of the LDMOS
device of FIG. 1a when an avalanche breakdown occurs.

FIG. 2a shows a schematic illustration of a vertical cross
section of an n-type non-channel-isolated LDMOS device
embodying the present invention.

FIG. 2b shows a diagram schematically illustrating the
charge distribution in a depletion region of the LDMOS
device of FIG. 2a when a high voltage is applied to a drain
region of the device.

FIGS. 3a to 3f show schematic illustrations of device
structures after steps of a method for fabricating an n-type
LDMOS device (non-channel-isolated) in accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 156 shows a diagram schematically illustrating the
charge distribution in a depletion region of the existing
non-channel-isolated LDMOS device of FIG. 1a when an
avalanche breakdown occurs. The depletion region (i.e. left
diagonal filled region shown in FIG. 15) encloses the p-type
substrate (or epitaxial layer) 10 and a portion of the n-type
drift region 12. When an avalanche breakdown occurs to the
existing n-type LDMOS device shown in FIG. 1a, the
channel of the device will cause the depletion region hori-
zontally extend towards the drain region 20. Moreover, a PN
junction formed between the n-type drift region 12 and the
p-type substrate (or epitaxial layer) 10 will cause the deple-
tion region vertically extend towards the p-type substrate (or
epitaxial layer) 10. As both the horizontal and vertical
dimensions of the depletion region are determined by, and
reversely proportional to, the doping concentration of the
drift region 12, a heavily doped drift region 12 will not be
completely depleted even upon the occurrence of the
device’s avalanche breakdown. As shown in FIG. 15, a
triangular region (i.e. right diagonal filled region) proximate
the drain region 20 and under the top surface of the drift
region 12 is not depleted after the avalanche breakdown of
the device. The existence of this triangular region causes the
effective length of the drift region to be smaller than the
physical length (i.e., the length A shown in FIG. 1a) of the
drift region, thereby centralizing electric field in the drift
region 12 and creating an intensively high electric field
therein, which lead to a reduced breakdown voltage of the
device.
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The existing non-channel-isolated p-type LDMOS
devices and channel-isolated n-type LDMOS devices all
have the problem that the drift region cannot be completely
depleted.

FIG. 2a schematically illustrates a non-channel-isolated
n-type LDMOS device embodying the present invention.
The device includes a p-type doped region 11 and an n-type
drift region 12, laterally neighboring each other and both
formed in a p-type substrate (or epitaxial layer) 10. The
n-type drift region 12 has a planar top surface. A heavily
doped n-type source region 19 is formed in a central portion
of the p-type doped region 11. A gate oxide layer 13 has its
one end on the n-type drift region 12, the other end on the
heavily doped n-type source region 19, and the rest portion
on the p-type doped region 11. A gate 14 is located on the
gate oxide layer 13. Sidewalls 15 are formed on both sides
of the gate oxide layer 13 and the gate 14. A heavily doped
n-type drain region 20 is formed at one end of the n-type
drift region 12 farther from the p-type doped region 11. A
p-type heavily doped channel pick-up region 21 is formed at
one end of the p-type doped region 11 farther from the
n-type drift region 12. A channel of the LDMOS device is
formed in a portion of the p-type doped region 11 under the
gate oxide layer 13. The LDMOS device of the present
invention differs from an existing LDMOS device in that a
p-type buried layer is formed in the n-type drift region 12
and in close proximity to the n-type drain region 20. The
p-type buried layer includes a first portion 16, a second
portion 17 and a third portion 18; a depth of the p-type
buried layer decreases progressively in a direction from the
n-type drain region 20 to the p-type doped region 11, and
accordingly, a thickness of the n-type drift region 12
increases progressively in the direction from the n-type drain
region 20 to the p-type doped region 11, so that the n-type
drift region 12 will be always completely depleted during
the operation of the LDMOS device.

FIG. 2a schematically shows an example of the p-type
buried layer having three portions 16, 17, and 18. It shall be
appreciated that the number of portions included in the
p-type buried layer may be reduced to two portions or
increased to four or more portions, which are all within the
scope of the present invention.

The above-mentioned device is a non-channel-isolated
LDMOS device, which may be modified into a channel-
isolated n-type LDMOS device by including an n-type well
in the p-type substrate (or epitaxial layer) 10, encircling both
the p-type doped region 11 and the n-type drift region 12,
and remaining the same structure and conductivity type of
all the rest components of the n-type LDMOS device shown
in FIG. 2a.

Similarly, the n-type LDMOS device in FIG. 2a may be
modified into a p-type LDMOS device by including an
n-type well in the p-type substrate (epitaxial layer) 10,
encircling both an n-type doped region 11' and a p-type drift
region 12', and converting the conductivity types of all the
rest components of the n-type LDMOS device to respective
opposite types of conductivity.

The progressively decreasing thickness from the channel
towards the drain region of the step-like drift region of the
LDMOS device of the present invention enables a portion of
the drift region, which is more proximate to the channel and
is hence easier to be depleted, to have a greater thickness and
a portion, which is farther from the channel and is thus more
difficult to be depleted, to have a smaller thickness. As such,
regardless of how high the doping concentration of the drift
region is, the drift region may be always completely
depleted during the operation of the LDMOS device. More-
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over, as the doping concentration of the drift region, the
operation voltage and the breakdown voltage of the LDMOS
device are known factors during the design and manufac-
turing of the device, and therefore, the decreasing thick-
nesses of the drift region can be easily calculated, and
accordingly, the increasing depths of the buried layer can be
obtained.

The buried layer of the LDMOS device embodying the
present invention shown in FIG. 2a shall not be in close
proximity to the channel of the LDMOS device. Preferably,
a certain spacing is left between the buried layer and the
channel. The maximum depth of the buried layer has no
direct relationship with the depth of the heavily doped drain
region. The maximum depth of the buried layer may be
greater than, equal to, or smaller than the depth of the
heavily doped drain region. Moreover, when the doping
concentration of the drift region is high, the end of the buried
layer (i.e., the end nearer to the gate oxide layer 13) shall be
closer to the heavily doped drain region, and at the same
time, the depth of each portion of the buried layer shall be
greater. This is because adrift region with a higher doping
concentration is more difficult to be depleted, and thus
requires a deeper buried layer to help the drift region to be
depleted. Once the doping concentration of the drift region
is set, regardless of how many portions the buried layer has,
the depth of the portion closest to the heavily doped drain
region is determined, that is to say, the maximum depth of
the buried layer is only determined by the doping concen-
tration of the drift region.

FIG. 2b shows a diagram schematically illustrating the
charge distribution in a depletion region of the n-type
non-channel-isolated LDMOS device embodying the pres-
ent invention when a high voltage is applied to a drain region
of the device. The depletion region (i.e. left diagonal filled
region shown in FIG. 26) encloses the p-type substrate (or
epitaxial layer) 10 and the entire step-like n-type drift region
12. This is because a buried layer (having three portions 16,
17, and 18) is formed beneath a top surface of the n-type
drift region 12 and in close proximity to the heavily doped
drain region 20, causing the thickness of the n-type drift
region 12 to decrease progressively in a direction from the
channel to the heavily doped drain region 20. This structure
enables a portion of the n-type drift region 12, which is
closer to the channel and is hence easier to be depleted, to
have a greater thickness and a portion, which is closer to the
heavily doped drain region 20 and is thus more difficult to
be depleted, to have a smaller thickness. As such, the n-type
drift region 12 can be completely depleted during the
operation of the LDMOS device, and the effective length of
the drift region is equal to the physical length of the drift
region, thereby creating an evenly distributed electric field
in the drift region 12 and greatly reducing the electric field
therein, which lead to an increased breakdown voltage of the
device. Moreover, by adopting the structure of the LDMOS
device embodying the present invention, the doping con-
centration of the drift region can be increased to a certain
extent, so as to achieve a lower on-resistance under the
premise of a slightly reduced breakdown voltage of the
device, and hence can achieve a balance of the two tech-
nology characteristics

In one exemplary embodiment, the non-channel-isolated
n-type LDMOS device shown in FIG. 2a may be fabricated
by a method described below.

Turning now to FIG. 3a, in step 1 of the method, a p-type
doped region 11 and an n-type drift region 12 adjacent to
each other are formed, by ion implantation, in a p-type
substrate 10. Preferably, multiple ion implantation and
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annealing processes are carried out to form a dopant con-
centration gradient in the drift region 12 decreasing from the
top down. The dopant concentration gradient enables the
LDMOS device being fabricated to have a low on-resistance
and facilitates the drift region 12 to be completely depleted
to achieve a high breakdown voltage of the device. Prefer-
ably, the drift region has a dopant concentration of 1x10"°
atoms/cm® to 1x10'® atoms/cm?>.

In step 2, as shown in FIG. 354, a silicon oxide layer is
thermally grown or deposited over the substrate, and a
polysilicon layer is further deposited over the silicon oxide
layer. Next, photolithography and etching processes are
performed on the silicon oxide layer and the polysilicon
layer to form a gate oxide layer 13 and a polysilicon gate 14
on the gate oxide layer 13. The gate oxide layer 13 has one
end on the p-type doped region 11 and the other end on the
n-type drift region 12, namely it crosses the border of the
p-type doped region 11 and the n-type drift region 12.

In step 3, as shown in FIG. 3¢, a layer of a dielectric
material, for example, silicon nitride, is deposited over the
resulting structure after the second step. Next, undesirable
portions of the layer are removed by a dry etching process
and the remaining portions form sidewalls 15 on both sides
of the gate oxide layer 13 and the polysilicon gate 14.

In step 4a, as shown in FIG. 3d, an ion implantation
process is performed on the n-type drift region 12 to form a
first ion implantation region 91 therein. The first ion implan-
tation region 91 is located at an end of the n-type drift region
12 that is farther from the gate oxide layer 13 and may be in
close proximity to the border of the n-type drift region 12.

In step 4b, as shown in FIG. 3e, a second ion implantation
process is performed in the first ion implantation region 91
to form a second ion implantation region 92 therein at the
end of the first ion implantation region 91 that is farther from
the gate oxide layer 13. The second ion implantation region
92 may be shorter than the first ion implantation region 91
and the second ion implantation region 92 may have a depth
greater than that of the first ion implantation region 91.

In step 4c¢, as shown in FIG. 3f, a third ion implantation
process is performed in the second ion implantation region
92 to form a third ion implantation region 93 therein at the
end of the second ion implantation region 92 that is farther
from the gate oxide layer 13. The third ion implantation
region 93 may be shorter than the second ion implantation
region 92 and the third ion implantation region 93 may have
a depth greater than that of the second ion implantation
region 92.

With further reference to FIG. 24, in step 5 of the method,
an ion implantation process is performed on a portion of the
p-type doped region 11 that is in close proximity to the
sidewall 15 to form a heavily doped n-type source region 19
therein. Next, an annealing process is performed to cause the
heavily doped n-type source region 19 to diffuse into a
central portion of the p-type doped region 11. As such, one
end of the gate oxide layer 13 is now on the heavily doped
n-type source region 19. Moreover, a region between the
heavily doped n-type source region 19 and the n-type drift
region 12, under the gate oxide layer 13, serves as a channel
of the LDMOS device being fabricated.

After that, an ion implantation process is performed at an
end of the n-type drift region 12 that is farther from the gate
oxide layer 13 to form a heavily doped n-type drain region
20 therein. Or in other words, an ion implantation process is
performed in the third ion implantation region 93 at an end
farther from the gate oxide layer 13 to form the heavily
doped n-type drain region 20 therein.
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Moreover, an ion implantation process is performed at an
end of the p-type doped region 11 that is farther from the
gate oxide layer 13 to form a heavily doped p-type channel
pick-up region 21 therein.

The above steps 4a to 4¢ merely show an example of
forming a buried layer, which can be changed according to
the number of portions included in the buried layer.

Preferably, both the heavily doped source region 19 and
the heavily doped drain region 20 have a dopant concentra-
tion of greater than 1x10°° atoms/cm>. Moreover, the heav-
ily doped channel pick-up region 21 may have the same
dopant concentration with the above two regions 19, 20.

Although the sidewalls are formed in step 3 before the
steps 4a to 4¢ in this embodiment, the present invention may
also be employed with the sidewalls formed after, or even
among, the steps 4a to 4c.

As described above, each implantation process in the step
1 and the implantation process in the step 5 are all followed
by an annealing process. Preferably, each annealing process
in the step 1 is a high-temperature furnace annealing process
and the annealing process in the step 5 is a rapid thermal
annealing (RTA) process.

With reference to FIG. 24, FIG. 34, FIG. 3e, and FIG. 3f,
the second ion implantation region 92 is formed within the
first ion implantation region 91, and the third ion implanta-
tion region 93 is formed within the second ion implantation
region 92, so as to form a buried layer including a first
portion 16, a second portion 17 and a third portion 18 which
are laterally adjacent to each other as shown in FIG. 2a. The
first portion 16 is a portion of the first ion implantation
region 91 that is not covered by the second ion implantation
region 92; the second portion 17 is a portion of the second
ion implantation region 92 that is not covered by the third
ion implantation region 93; the third portion 18 is a portion
of' the third ion implantation region 93 that is not covered by
the n-type heavily doped drain region 20.

Alternatively, with reference to FIG. 2a, there is another
method for forming the buried layer, that is, by multiple ion
implantation processes, a portion of the buried layer is
formed by each corresponding ion implantation process and
depths of portions of the buried layer decrease progressively
in a direction from the n-type heavily doped drain region 20
to the channel. Preferably, a third portion 18 of the buried
layer in close proximity to the n-type heavily doped drain
region 20 is firstly formed; a second portion 17 of the buried
layer, having a smaller depth than the third portion 18, in
close proximity to the third portion 18 is then formed; and
a first portion 16, having a smaller depth than the second
portion 17, in close proximity to the second portion 17 is
finally formed.

In one embodiment, the step 1 of the above method may
be modified as: first forming an n-well (not shown) in a
p-type substrate (epitaxial layer) 10 by ion implantation, and
then forming an n-type doped region 11' and a p-type drift
region 12' laterally adjacent to each other in the n-well, and
following all subsequent steps with the opposite types of
conductivity as described in the method, a non-channel-
isolated p-type LDMOS device in accordance with the
present invention is fabricated.

In yet another embodiment, the step 1 of the above
method may be modified as: first forming an n-well (not
shown) in a p-type substrate (epitaxial layer) 10 by ion
implantation, and then forming a p-type doped region 11 and
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an n-type drift region 12 laterally adjacent to each other in
the n-well, and following all subsequent steps with the same
types of conductivity as described in the method, a channel-
isolated n-type LDMOS device in accordance with the
present invention is fabricated.

While preferred embodiments are described and illus-
trated above, they are not intended to limit the invention in
any way. Those skilled in the art can make various alterna-
tives, modifications and variations without departing from
the scope of the invention. Thus, it is intended that the
present invention embrace all such alternatives, modifica-
tions and variations as fall within the true scope of the
invention.

What is claimed is:

1. A laterally diffused metal oxide semiconductor (LD-
MOS) device comprising:

a substrate having a first type of conductivity;

a drift region having a second type of conductivity and

being formed in the substrate;

a doped region having the first type of conductivity and
being formed in the substrate, the doped region being
laterally adjacent to the drift region;

a drain region having the second type of conductivity and
being formed in the drift region, the drain region being
located at an end of the drift region farthest from the
doped region; and

a buried layer having the first type of conductivity and
being formed in the drift region, the buried layer
continuously extending along a straight line in a direc-
tion from the drain region to the doped region and
having an end in close proximity to the drain region, the
buried layer having a continuous and substantially flat
upper surface along the straight line and a step-like
bottom surface, and wherein a maximum depth of the
buried layer decreases progressively along the straight
line in the direction from the drain region to the doped
region.

2. The LDMOS device according to claim 1, wherein the
first and second types of conductivity are p-type and n-type,
respectively, or n-type and p-type, respectively.

3. The LDMOS device according to claim 1, wherein a
maximum depth of the buried layer is determined by a
doping concentration of the drift region.

4. The LDMOS device according to claim 1, wherein the
buried layer comprises at least two laterally connected
sections and wherein a maximum depth of the at least two
laterally connected sections decreases progressively in the
direction from the drain region to the doped region.

5. The LDMOS device according to claim 1, further
comprising:

a gate oxide layer and a polysilicon gate both on a top

surface of the substrate, the gate oxide layer covering
a portion of the drift region and a portion of the doped
region;

sidewalls on opposite sides of the gate oxide layer and the
polysilicon gate; and

a heavily doped source region having the second type of
conductivity and a heavily doped channel pick-up
region having the first type of conductivity both formed
in the doped region, the heavily doped channel pick-up
region being located at an end of the source region
farthest from the drift region.
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